This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



Searching PAJ 



Pagel of 2 



PATENT ABSTRACTS OF JAPAN 



(1 1 publication number : 09-030229 
(43)Date of publication of application : 04.02.1997 



(51)Int.CI. 




B60G 17/005 






B60G 17/015 




(21 Application number 


07-184436 


(71 Applicant 


. HITACHI CONSTR MACH CO LTD 


(22)Date of filing: 


20.07.1995 


(72)Inventor : 


TSURIGA YASUTAKA 



(54) SUSPENSION DEVICE FOR WORKING VEHICLE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a suspension device for a working 
vehicle that can suppress the vibration and impact of a body generated by 
the action of large load and earth cutting. 
SOLUTION: In the case of no-load or light load, the opening of a 
proportional solenoid valve 23 is in a fully opened state, and the vibration 
of a body 2 is absorbed and damped by the outflow-inflow of oil between a 
hydraulic cylinder 6 and a pressure accumulator 11, and a throttle 12. When 
load is increased, the stroke of the hydraulic cylinder 6 is shortened, and a 
control part 24 throttles the proportional solenoid valve 23 on the basis of 
the detection value of a stroke sensor 22. When the stroke becomes less 
than the specified value s1, the proportional solenoid valve 23 is put in a 
cut-off state to lock the hydraulic cylinder 6. Work with large load acting 
thereon can thereby be performed without hindrance, and since the 
proportional solenoid valve 23 is throttled to lower the speed before the 
hydraulic cylinder 6 is locked, impact and vibration are suppressed. 
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* NOTICES * 
i 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The car body equipped with the activity device, and the axle attached before and after this car body, The 
wheel of the right and left which a tire is attached and are driven by said each axle, In the activity car which has the 
pressure accumulator connected by the oil hydraulic cylinder by which pin association was carried out, said oil 
hydraulic cylinder, and piping between one [ at least ] axle of said axles, and said car body, and the diaphragm by which 
it is placed between said piping The suspension system of the activity car which is placed between the sensor which 
detects the magnitude of the load which acts on said oil hydraulic cylinder, and said piping, and is characterized by 
preparing full open, cutoff and a solenoid valve controllable to those middle opening, and the control section that 
controls the opening of said solenoid valve according to the detection value of said sensor. 

[Claim 2] It is the suspension system of the activity car which said oil hydraulic cylinder is one oil hydraulic cylinder of 
one [ said ] axle by which pin association was carried out mostly at the core in the suspension system of an activity car 
according to claim 1 , and is characterized by having the link by which shared pin association by the side of the axle 
concerned of said oil hydraulic cylinder between concerned one axle and said car body, and pin association was carried 
out at said car body. 

[Claim 3] It is the suspension system of the activity car characterized by constructing across said oil hydraulic cylinder 
in claim 1, respectively between parts for both ends and said car bodies of one [ said ] axle. 

[Claim 4] the time of said control section having said load in a cut off state in said solenoid valve, in claim 1 thru/or 
claim 3, at a small value, when said load is a large value - a full open condition - and the suspension system of the 
activity car characterized by controlling to change opening according to the load concerned when said load is in those 
middle values. 

[Claim 5] It is the suspension system of the activity car characterized by being the stroke sensor by which said sensor 
detects the stroke of said oil hydraulic cylinder in claim 1 thru/or claim 4. 

[Claim 6] It is the suspension system of the activity car characterized by being the pressure sensor with which said 
sensor detects the pressure of said oil hydraulic cylinder in claim 1 thru/or claim 4. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the suspension system of the activity car used for the activity car which 

moves with a wheel with a tire. 

[0002] 

[Description of the Prior Art] The axle and car body which drive a wheel are being fixed directly, or the activity car 
which moves with a wheel with a tire, for example, a wheel shovel, and the wheel loader are combined with pin joint. 
However, transit migration of the activity car was carried out more often in the ordinary road in recent years, and for 
this reason, at a low speed, transit of other cars will be checked and it had become the cause of road delay. For this 
reason, although a means to have given high-speed performance-traverse ability to an activity car, and to carry out high- 
speed transit of the ordinary road was used If an axle and a car body carry out high-speed transit of immobilization or 
the activity car by which pin joint is carried out The degree of comfort of propagation and an operator gets worse 
[ vertical movement of the wheel by the irregularity of a road surface ] to the degree of pole to a direct car body. 
Furthermore, resonance vibration of a car body was produced under the effect of the elasticity of a tire, the whole car 
body carried out the bounce, the touch-down with a road surface worsened, and there was a problem of having a bad 
influence on the stability of operation of an activity car, from these things. 

[0003] The activity car which formed the stopper in the oil hydraulic cylinder at juxtaposition so that trouble might not 
arise in the activity on which a big load acts, even if it constructed across an oil hydraulic cylinder between an axle and 
a car body and constructed across an oil hydraulic cylinder in this way, in order to solve this problem is proposed by 
Japanese Patent Application No. No. 71746 [ seven to ]. Drawing explains an example of such an activity car. 
[0004] It is the front view of the activity car which shows drawing 4 in the side elevation of an activity car, and shows 
drawing_5 to drawing 4 . The axle by which an activity car and 2 are attached in a car body, and 3 is attached in a car 
body 2 for 1 in each drawing, and 4 show the wheel of the right and left driven by the axle 3. Direct coupling of the axle 
3 of the front or back ( drawing 4 back) is carried out to a car body 2, and it is raising the rigidity over rolling of a car 
body. In one axle 3 of the activity car 1, 6 is a car body 2 and the oil hydraulic cylinder of the axle 3 concerned mostly 
constructed across between cores, and pin association is carried out by pins 8 and 9 at the car body 2 and the axle 3. 7 is 
the link with which it was equipped between axles 3 and car bodies 2 concerned, pin association is carried out by the oil 
hydraulic cylinder 6 and the common pin 8 at an axle 3, and pin association of it is carried out by the pin 10 at the car 
body 2. The triangular link mechanism is constituted by the car body structure between an oil hydraulic cylinder 6, a 
link 7, and a pin 9 and a pin 10. The pressure accumulator with which 1 1 is connected with an oil hydraulic cylinder by 
piping, and 12 show the diaphragm established between the pressure accumulator 1 1 and the oil hydraulic cylinder 6. 
[0005] 1 5 is the stopper constructed across juxtaposition by the oil hydraulic cylinder 6, and consists of stopper 
component 15a which consists of the rigid high member fixed to the car-body 2 side, and stopper component 15b which 
consists of the rigid high member fixed to the axle 3 side, spacing g exists among each stopper components 15a and 15b, 
and when a big load acts between a car body 2 and an axle 3 and an oil hydraulic cylinder 6 is shrunken, this spacing g 
is set to zero, before it strokes and is alike and that contraction side reaches (stopper component 1 5a and stopper 
component 1 5b collide) - it is adjusted like. 

[0006] The driver's cabin where the revolving super-structure 17 was equipped with a revolving super-structure and 17a 
for 17, the boom by which 18 was attached in good rotation at the revolving super-structure 17, the arm with which 19 
was attached in good rotation at the boom 18, and 20 are the buckets attached in good rotation at the arm 19. The front 
device 21 consists of a boom 18, an arm 19, and a bucket 20. In addition, in drawing_5 , illustration of a revolving super- 
structure 17 and the front device 21 is omitted. 
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[0007] Next, actuation of the above-mentioned activity car 1 is explained. Since the oil hydraulic cylinder 6 and the 
pressure accumulator 1 1 are open for free passage after the car body 2 has stood it still, those pressures are the same. 
Next, a wheel 4 moves up and down with the irregularity of a road surface, it expands and contracts, making the piston 
of an oil hydraulic cylinder 6 transform the link mechanism of the above-mentioned triangle through an axle 3 
according to this, and if the activity car 1 runs, when a piston is extended, the pressure of an oil hydraulic cylinder 6 
decreases, and when shrunken, the pressure of an oil hydraulic cylinder 6 will increase. 

[0008] If the pressure of an oil hydraulic cylinder 6 decreases, a pressure oil will be supplied to an oil hydraulic cylinder 
6 from a pressure accumulator 1 1, and if the pressure of an oil hydraulic cylinder 6 increases, the pressure oil from an 
oil hydraulic cylinder 6 will accumulate pressure to a pressure accumulator 1 1. By supply of the pressure oil between 
such oil hydraulic cylinders 6 and pressure accumulators 1 1 , and are recording, when an oil hydraulic cylinder 6 
receives external force with the irregularity of a road surface, the piston strokes, the external force concerned is 
absorbed, and transfer of the vibration to a car body 2 is absorbed. It will be determined by the compression elasticity of 
the gas accumulated to the pressure accumulator 1 1, the compression elasticity of this gas will absorb vibration, and the 
relation between change of the pressure of an oil hydraulic cylinder 6 and the stroke of a piston acts as a spring function. 

[0009] Moreover, when change of a stroke of the piston of an oil hydraulic cylinder 6 is quick (a period of vibration is 
short), migration of the pressure oil between an oil hydraulic cylinder 6 and a pressure accumulator 1 1 is restricted by 
the diaphragm 12 by which it is placed between piping, consequently it is made to decrease vibration of a short period. 
[0010] Furthermore, since the axle 3 is rotatable, even if irregularity is in a road surface centering on a pin 8, it can hold 
the ground pressure of each wheel 4 equally, it can raise the road-hugging of an activity car, and can eliminate the bad 
influence to workability ability. 

[001 1] Although an oil hydraulic cylinder 6 will be shrunken according to the digging reaction force if excavation work 
with a boom 1 8, an arm 1 9, and a bucket 20 is performed after the activity car 1 has stood it still, before the shrinkage 
reaches a stroke end, stopper component 15a and stopper component 15b collide, and a stopper 15 can receive digging 
reaction force henceforth. That is, since digging reaction force is transmitted during digging in the path of a bucket 20, 
an arm 19, a boom 18, a revolving super-structure 17, a car body 2, a stopper 15, and an axle 3 and an oil hydraulic 
cylinder 6 is removed from the transfer path of digging reaction force, high rigidity required for digging can be held. 
Moreover, if a bucket 20 separates from the ground during digging, digging reaction force will be lost, by the 
counteraction, an oil hydraulic cylinder 6 intervenes [ an oil hydraulic cylinder 6 ] elongation and henceforth, an oil 
hydraulic cylinder 6, a pressure accumulator 1 1 , and the suspension that consists of diaphragm 12 function, and 
vibration of a car body 2 is absorbed and decreased. 
[0012] 

[Problem(s) to be Solved by the Invention] The above-mentioned activity car can fully be borne with a stopper 15 also 
to big digging reaction force while it can absorb and decrease the vibration at the time of transit and can raise 
performance-traverse ability. However, if the big force (digging reaction force) acts on a car body 2 through the front 
device 21 and a stopper 15 contacts when a stopper 15 is in a non-contact condition, the force will be transmitted to a 
tire 4 as it is, and will be made to deform a tire 4, subsequently a tire 4 will repel it, and the actuation which returns to 
the original configuration again will produce it. Especially this actuation is promoted when it is in the condition that the 
front device 21 whole was extended, a car body 2 cannot vibrate, and cannot follow in footsteps of actuation of a tire 4, 
but an impact produces it in a stopper 15 with vibration of a car body 2 by repeating the actuation concerned several 
times at every repeat. Such a situation is generated also in the case of the ground end. This vibration and impact are 
transmitted to the operator of driver's cabin 17a, check actuation of an operator, and increase fatigue. 
[0013] The purpose of this invention solves the technical problem in the above-mentioned conventional technique, and 
is to offer the suspension system of the activity car which can control vibration and the impact of the car body produced 
by an operation and the ground end of a big load. 
[0014] 

[Means for Solving the Problem] The car body which this invention equipped with the activity device in order to attain 
the above-mentioned purpose, and the axle attached before and after this car body, The wheel of the right and left which 
a tire is attached and are driven by said each axle, In the activity car which has the pressure accumulator connected by 
the oil hydraulic cylinder by which pin association was carried out, said oil hydraulic cylinder, and piping between one 
[ at least ] axle of said axles, and said car body, and the diaphragm by which it is placed between said piping It is 
characterized by preparing full open, cutoff and a solenoid valve controllable to those middle opening, and the control 
section that controls the opening of said solenoid valve according to the detection value of said sensor by being placed 
between the sensor which detects the magnitude of the load which acts on said oil hydraulic cylinder, and said piping. 
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[0015] 

[Function] Change of the load which acts on a car body changes a stroke or pressure of an oil hydraulic cylinder 
according to this. A sensor detects a stroke or a pressure concerned and outputs it to a control section. A control section 
controls the opening of a solenoid valve according to the inputted stroke or pressure. If a load becomes large and a 
stroke becomes [ shrinkage or a pressure ] larger than a predetermined value from a predetermined value, a control 
section will set opening of a control valve to 0 (making a control valve into a cut off state), and will be taken as the 
condition that this locked the oil hydraulic cylinder. This condition is equivalent to the condition that the stopper 
contacted with equipment conventionally, and moreover does not generate any impact, either, and does not generate 
vibration, either. Moreover, since a control section considers opening of a solenoid valve as full open when the above- 
mentioned load is small, at this time, the conventionally same performance-traverse ability as equipment is securable. 
[0016] 

[Example] Hereafter, this invention is explained based on the example of illustration. Drawing 1 is drawing showing the 
suspension system of the activity car concerning the example of this invention. In this drawing, the same sign is given to 
a part the same as that of the part shown in drawing 4 and drawing 5 , or equivalent, and explanation is omitted. 22 is a 
stroke sensor which detects the stroke of an oil hydraulic cylinder 6, for example, consists of potentiometers etc. In 
addition, if the stroke of an oil hydraulic cylinder 6 has the large load which acts on a car body 2, it will be shrunken, 
and if small, it will be elongated. Moreover, the bottom side of an oil hydraulic cylinder 6 and the rod side are connected 
like illustration in the duct. 23 is a proportionality solenoid valve by which it is placed between piping between an oil 
hydraulic cylinder 6 and a pressure accumulator 1 1, and the opening changes from a full open condition to a cut off state 
according to the signal given to solenoid 23 S. 

[0017] 24 is a control section and calculates the signal which controls the opening of the proportionality solenoid valve 
23 according to the detection value of the stroke sensor 22. This operation is shown in the illustration block which 
shows a control section 24. That is, a stroke is the predetermined value si. The command signal given to the 
proportionality solenoid valve 23 in the range a of the following (when a load is large) is large, and a stroke is the 
predetermined value s2. It is small and the command signal given to the proportionality solenoid valve 23 in the range c 
which exceeds (when a load is small) is the predetermined value si. Predetermined value s2 In the range b of a between, 
the command signal given to the proportionality solenoid valve 23 changes in proportion to a stroke. 
[0018] Next, it explains with reference to the timing chart which shows actuation of this example to drawing 2 . (a) of 
drawing 2 shows change of the acceleration of an oil hydraulic cylinder [ as opposed to time amount in change of the 
rate of an oil hydraulic cylinder / as opposed to time amount in change of the stroke to time amount, and (b) /, and (c) ], 
and change [ in / in a continuous line / the equipment of this example ] and a broken line show the change in 
conventional equipment. For the load which acts on a car body 2, a stroke is a value s2 with no-load or a light load. 
When having exceeded (in the case of Range c), a command signal is not outputted from a control section 24, but the 
opening of the proportionality solenoid valve 23 is in a full open condition, as shown in drawing J . The actuation in this 
case is conventionally the same as actuation of equipment. In this range c, if the load which acts on a car body 2 
increases at a fixed rate mostly, as shown in (a) of drawing_2 , the stroke of an oil hydraulic cylinder 6 will become 
small, but that rate does not change, as shown in (b) of drawing 2 . 

[0019] the stroke of an oil hydraulic cylinder 6 — predetermined value s2 from ~ further — decreasing — predetermined 
value si If it reaches, from a control section 24, the command signal which increases according to a stroke will be 
outputted to solenoid 23 S of the proportionality solenoid valve 23, and the proportionality solenoid valve 23 will make 
the opening small in the meantime (between Range b). With reduction of the opening of the proportionality solenoid 
valve 23, the rate of an oil hydraulic cylinder 6 falls, as shown in (b) of drawing 2 , and as this also shows change of a 
stroke to (a) of drawing. 2 , it becomes loose. However, as a broken line shows to (a) of drawing^ , and (b) with 
equipment conventionally, the rate of an oil hydraulic cylinder is fixed succeedingly from Range c, and its rate of 
reduction in a stroke is also fixed. 

[0020] The load which acts on a car body 2 becomes still larger, and the stroke of an oil hydraulic cylinder 6 is the 
predetermined value si . If it becomes the following (range a), the command signal of a control section 24 will serve as 
maximum, and the proportionality solenoid valve 23 will be in a cut off state (condition that become opening 0 and the 
check valve of illustration intervenes between an oil hydraulic cylinder 6 and a pressure accumulator 1 1). At this time, 
since a stroke and near are arrived at as the stroke of an oil hydraulic cylinder 6 is shown in (a) of drawing 2 , and the 
proportionality solenoid valve 23 is in a cut off state, the rate of an oil hydraulic cylinder 6 is set to 0 as shown in (b) of 
drawmg_2 , and an oil hydraulic cylinder 6 will be in a lock condition. In this condition, a car body 2 and an axle 3 
become equal to the condition (condition which the stopper in equipment contacted conventionally) of having been 
connected directly, and the load which acts on a car body 2 is transmitted to an axle 3 and a tire 4 as it is, and can work 
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without telescopic motion of an oil hydraulic cylinder 6 convenient. 

0021 ] Here, a stroke is the predetermined value si . Considering the condition when becoming the following 
:onventional equipment - a stroke - predetermined value si ****** ~ the rate of an oil hydraulic cylinder 6 ™ fixed - 
i stroke - predetermined value si Since a stopper contacts and an oil hydraulic cylinder stops quickly when it becomes 
:he following As a broken line shows to (c) of drawing 2 , rapid and big acceleration arises in an oil hydraulic cylinder 
5, and a big impact by this occurs. On the other hand, although small acceleration is produced in Range b as a 
xmtinuous line shows to (c) of drawing 2 since it has been falling gradually as the proportionality solenoid valve 23 is 
gradually extracted in the range b and a continuous line also shows the rate of an oil hydraulic cylinder 6 to (b) of 
jrawing.2 in this example, a stroke is the predetermined value si. Even when it becomes the following, acceleration 
joes not change and a big impact does not generate it like equipment before. 

0022] Reduction of the load to which an oil hydraulic cylinder 6 acts on a car body 2 in the condition of having been 
locked as mentioned above reduces the internal pressure of an oil hydraulic cylinder 6. For this reason, the direction of 
:he pressure of a pressure accumulator 1 1 becomes higher than the internal pressure of an oil hydraulic cylinder 6, the 
Dil of a pressure accumulator 1 1 flows to an oil hydraulic cylinder 6 through the check valve of the proportionality 
solenoid valve 23, and a lock condition is canceled. 

;0023] Thus, vibration and an impact can be controlled, without producing trouble in an activity, when a big load acts 
Dn a car body 2 since a stopper is not used, but the proportionality solenoid valve 23 is controlled by this example 
according to the stroke of an oil hydraulic cylinder 6 and the outflow of the oil between an oil hydraulic cylinder 6 and a 
pressure accumulator 1 1 and the inflow were controlled. 

;0024] DrawjngJi is the front view of the suspension system of the activity car concerning other examples of this 
invention. In this drawing, the same sign is given to a part the same as that of the part shown in drawing 1 , or 
equivalent, and explanation is omitted. By this example, an oil hydraulic cylinder is used for a part for the both ends of a 
:ar body 2 and an axle 3 to the previous example having used one oil hydraulic cylinder and link as a suspension 
system, respectively. Signs 6A and 6B are given to each [ these ] oil hydraulic cylinder. To oil hydraulic cylinder 6A, 
stroke sensor 22A, proportionality solenoid-valve 23 A, and control-section 24A are prepared, and stroke sensor 22B, 
proportionality solenoid- valve 23B, and control-section 24B are prepared to oil hydraulic cylinder 6B. The function to 
the function to stroke sensor 22A, proportionality solenoid-valve 23 A, and oil hydraulic cylinder 6of control-section 
24A A and stroke sensor 22B, proportionality solenoid-valve 23B, and oil hydraulic cylinder 6of control-section 24B B 
is the same as a previous example, and the actuation and effectiveness of it are also the same as a previous example. 
[0025] In addition, although explanation of each above-mentioned example explained the example which uses a stroke 
sensor, the pressure of an oil hydraulic cylinder is detected using a pressure sensor, and you may make it a control 
section calculate a command signal using the detection value. 
[0026] 

[Effect of the Invention] Vibration and an impact can be controlled without producing trouble in an activity, when a big 
load acts on a car body since a stopper is not used, but a solenoid valve is controlled by this invention according to the 
stroke of an oil hydraulic cylinder and the outflow of the oil between an oil hydraulic cylinder and a pressure 
accumulator and the inflow were controlled, as stated above. 
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DRAWINGS 
[Drawing 1] 




Drawing 2] 
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(54) SUSPENSION DEVICE FOR WORKING VEHICLE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a suspension device for a working vehicle 
that can suppress the vibration and impact of a body generated by the action of 
large load and earth cutting. 

SOLUTION: In the case of no-load or light load, the opening of a proportional 
solenoid valve 23 is in a fully opened state, and the vibration of a body 2 is 
absorbed and damped by the outflow-inflow of oil between a hydraulic cylinder 6 
and a pressure accumulator 11, and a throttle 12. When load is increased, the 
stroke of the hydraulic cylinder 6 is shortened, and a control part 24 throttles the 
proportional solenoid valve 23 on the basis of the detection value of a stroke 
sensor 22. When the stroke becomes less than the specified value si, the 
proportional solenoid valve 23 is put in a cut-off state to lock the hydraulic cylinder 
6. Work with large load acting thereon can thereby be performed without hindrance, 
and since the proportional solenoid valve 23 is throttled to lower the speed before 
the hydraulic cylinder 6 is locked, impact and vibration are suppressed. 
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